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Abstract 
Amphibolite, meta-gabbro or schist are among the rock types used for construction purposes. Generally selected depending on 
the availability and the mechanical characteristics, a deeper information about the properties of aggregates could optimize their 
use. Although some efforts have been made e. g., trying to include some limitation to the mineralogy, the evaluation of other 
relevant properties such as the grain structure are still overlooked. Thus, this paper aims to expose the missing link between 
petrological characteristics of the rocks and their possible applications in the construction field, attempting to improve the 
dialogue between specialists and producers.  
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1. Introduction 
A petrographic analysis is a technique used to investigate the properties of rocks. Macro- and microscopic 
characteristics such as grain size or mineral orientation are evaluated to estimate the quality of aggregate materials. 
While the method has been recognized as a valid technique in the concrete field [1], its application in other 
construction branches is still very limited.  
The petrographic analysis is generally carried out during the exploration phase of a planned quarry to determine 
the quality of the rock. While this information could be used to predict the in-use behavior hence the best application 
of the material, its great value is often overlooked. Petrographic analyses are also a valuable tool for follow-up and 
control of a quarry during its service life. But again – the method has a higher value than what is normally taken to 
benefit. 
Besides the limitation of sulphides, carbonates and alkali reactive silica minerals for concrete applications, other 
fields limit the requirements for rock material to shape, gradation, and mechanical and absorption characteristics. 
However, mineralogy and internal structure of rocks which form the aggregates are responsible for these properties, 
and generally they are not taken into account by technicians and producers. Minerals such as chalcedony or opal, as 
well as some rock types containing strained quartz can react adversely and expansively with the alkalis present in the 
pore fluid of the cementitious binder and cause cracking by the well-known alkali-silica reaction [2-4] while the 
chemical weathering of granites is a rapid process produced by the dissolution of their feldspar minerals resulting in 
kaolinite clay minerals which can compromise the mechanical resistance of the rock mass [5, 6]. In addition, silica 
minerals are usually responsible for the low adhesion between the binder and the aggregates in asphalt mixtures 
negatively affecting the durability of the pavement surface [7]. Also in areas of metamorphic rocks, the partly 
decomposition of feldspars into sericite and saussurite can affect the properties of the aggregate, both mechanically 
and regarding surface properties (positive) when used as concrete aggregate [8]. The internal structure of the 
aggregate also contributes in defining its final use: the percentage, size, distribution, connectivity and continuity of 
rocks porous media have a direct influence on permeability, water absorption and thus, durability of the aggregates 
[9]. Rocks with water absorption coefficient less than 2 % generally produce good quality aggregates while 
aggregates with more than 4 % of water absorption coefficient produce bad quality aggregates [10, 11]. In addition, 
pore sizes less than 5 ȝm decrease the durability of rock materials. The small size of the pores does not let the 
circulation of fluids inside the rock, helping to increase the effects of damaging process such us freeze-thaw [12, 13]. 
Foliated rocks also may produce elongated or flaky shapes on crushed aggregates, which can have negative effect 
when used as road material, coarse concrete aggregate and ballast for railways. These elongated or flaky shapes 
decrease the mechanical resistance of the material affecting to the stability of the railway structure [14] or road 
surface layer, and causes less workability for fresh concrete. The foliation can very often be connected to a content 
of mica minerals in parallel orientation, and the content and texture of mica will in many cases be a key issue when 
performing petrographic analysis [8]. 
Therefore, in this paper, the petrographic analysis of different crushed aggregates from Norway and Spain will be 
performed. The aim of this study is to stablish a connection between the geological properties (mineralogy and 
internal structure) of these aggregates and their final use.  
 
2. Study cases 
Four aggregate types were considered in this study: a combination of schist and paragneis, an amphibiolite, a 
meta-graywacke and a meta-gabbro. Thin sections were examined under the microscope in order to determine the 
grain structure (Fig. 1) while their mineralogy was evaluated through the X-Ray Diffraction method (Table 1). The 
Los Angeles test was used to evaluate the mechanical characteristics of the aggregates (Table 2) [15]. 
While the other quarry faces where characterized by one rock type, in the case of schist and paragneis it was 
difficult to separate the lithologies for production purposes because of the complex geological setting of the 
exploitation. In this research this first case will therefore be considered a single compound although the petrographic 
analysis was carried out on both rock types. Schist appeared to have a medium grain size and a high content of mica 
(weak mineral with hardness of about 2.5-3 in Mohs scale, e.g. quartz has a hardness of 6-7) compared to 
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quartz/feldspar/plagioclase, resulting in a foliated (lepidoblastic) texture (Fig. 1 a and b, Table 1). The rock type is 
therefore expected to easily break in the planes containing mica minerals reducing the overall mechanical resistance 
of the rock (Table 2). Also paragneis presented a foliated structure, but it was characterized by a lower content of 
mica (grano-lepidoblastic) and smaller grain size ranging between medium and fine (Fig. 1 c and d, Table 1) than 
schist lithology.  
A fine to very fine grain size with a needle-like (nematoblastic) texture was observed for the amphibolite 
aggregate (Fig. 1 e and f). The small grain size combined with the low content of mica gives to the rock a massive 
structure characterized by high density and high resistance to the Los Angeles test (Table 1, Table 2). 
The meta-greywacke presented instead medium to fine grain size and grano-lepidoblastic to granular (mineral 
grains of approximately equal size) texture (Fig. 1 g and h). The mechanical resistance of the rock is therefore 
affected by the orientated structure and the presence of mica minerals that weaken the contact area between the 
grains (Table 1, Table 2). The mica in the matrix is also responsible for the presence of intergranular micro-porosity. 
Water or brines can in fact penetrate into the rock and significantly reduce the durability of the rock generating 
cracking in case of freeze-thaw cycles. 
A larger grain size distribution has been observed in the meta-gabbro lithology. A medium to coarse grain size 
and granular texture characterized this rock type. (Fig. 1 i and j). Although better resistant to the abrasion test than 
schist, paragneiss and meta-greywacke (foliated structure and mica, Table 1, Table 2), the coarser grain size of the 
meta-gabbro increased its susceptibility to the Los Angeles test. In fact, compared to the amphibolite’s texture, the 
larger grains worsen the load distribution within the stone Table 1. 
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Qz = Quartz; Ms = Muscovite; Grt = Garnet; Bt = Biotite; Act = Actinolite; Sul = Sulphides; Fsp = Feldspar; Cb = Carbonate; Amp = 
Amphibolite; Pl = Plagioclase 
Fig. 1 Parallel (left) and cross (right) nicols of schist (a, b), paragneis (c, d), amphibolite (e, f), meta-greywacke (g, h) and meta-gabbro (i, j) [9, 
16].  
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Table 1. Semi-quantitative analysis by XRD of schist, paragneis, amphibolite, meta-greywacke and meta-gabbro. Qz = Quartz; Pl = Plagioclase; 
Bt = Biotite; Ms = Muscovite; Chl = Chlorite; Grt = Garnet; Act = Actinolite; Hbl = Hornblende; Ep = Epidote; Ttn = Titanite; Sul = Sulphides; 
Cal = Calcite. 
Lithology Qz (%) 
Pl 
(%) 
Bt 
(%) 
Ms 
(%) 
Chl 
(%) 
Grt 
(%) 
Act 
(%) 
Hbl 
(%) 
Ep 
(%) 
Ttn 
(%) 
Sul 
(%) 
Cal 
(%) 
Schist 33 31 28 7  <5     <5  
Paragneiss 39 43 <5 6 6        
Amphibolite  35     56 <5 <5 6   
Meta-greywacke 21 35 < 5 12 17       16 
Meta-gabbro 1 24   18  41  12   4 
 
Table 2. Los Angeles Index as measured for each aggregate type. 
Aggregate type Los Angeles Index 
Schist and paragneis 18 
Amphibolite 9 
Meta-greywacke 19 
Meta-gabbro 14 
3. Discussion 
While the four lithologies analyzed in the previous paragraph are mostly used for road construction purposes, 
other uses could be individuated based on their petrographic properties. 
Both amphibolite and meta-gabbro resulted to be particularly polyvalent rocks. Although small traces of 
sulphides could be sometimes found in amphibolite, their use could be possible in any construction branch. Larger 
amounts of this compound are found in the schist lithology of the schist-paragneis group making these rock types 
less useful for concrete construction. The foliated structure, which generates elongated and flaky particles when 
crushed, also negatively affects the possible uses of the schist-paragneis group not only in concrete but also as 
ballast material. Because of the elongated structure, the aggregates could easily crack when supporting high loads as 
concrete constructions or passing trains resulting in dangerous situations as it happened in 1963 in Zamora (Spain), 
where the burst of a dam was attributed to the use of schist aggregates [17]. Moreover the cracking could also result 
in both a loss of stability in the ballast and in the creation of small vibrations that could generate unsafe conditions 
for high-speed trains in addition to the discomfort for the passengers. 
The presence of micaceous matrix in the meta-greywacke studied affected as well its possible use in the railway 
field. While in the previous case the problem can be related to the cracking of the stone in particular orientations, in 
this case the material can easily disintegrate when high loads are applied creating unstable sands that highly affect 
the steadiness of the tracks.  
On the other hand, a rock with a granular texture and also fairly coarse grained (typically granite) will reveal 
more brittle characteristics regarding mechanical properties than will a similarly composed rock with a gneiss 
texture (or a meta-arkose) – more fine grained, with a slightly laminar structure including modest mica content 
(which in this context can act as a sort of internal reinforcement. 
Regarding gabbro, it should be kept in mind, however, that gabbroic rocks could have a variety of textural 
characteristics, all of which however are typically containing relatively heavy and also durable minerals. For this 
reason gabbro is often used for construction purposes where weight and resistance to abrasion are wanted properties. 
One such purpose is erosion protection of molos and harbor structures [4] 
Thus, petrographic analysis can give to technicians and producers valuable information about parameters such as 
mineralogy, grain size or grain bonding and orientation, which can help to predict the quality of the aggregates and 
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especially their durability. It should be noted that it is not always possible to univocally define the petrographic 
characteristics of an entire quarry from the analysis of few samples during the exploration and design of an 
aggregate exploitation. The rock features can widely vary within a limited area [18]. Therefore, the petrographic 
analysis should not be only performed during the exploration stage of the quarry, also during the aggregates 
production to better control the quality of the product.  
And as we will see above, few rock types will have universally beneficial or non-beneficial properties. They 
should, referring to petrographic characteristics, be judged for the specific purpose to which they are intended. Also 
we should keep in mind the geographic/geological availability – mineral resources can only be taken out where 
nature has placed them. And for their use and usefulness, the prevailing climate conditions must also be borne in 
mind – the petrographic priorities will differ between warm and cold, dry and wet areas on the earth. 
As it has been exposed during this paper, petrographic analysis can also give information to producers about the 
possible final uses of the material exploited. Moreover this tool can be used not only for understanding the 
mechanical characteristics but also thermal properties that are important in cold regions. For example, thermal 
conductivity is one of the most important input parameters in heat transfer modelling which is usually applied with 
several energy and engineering purposes such as geothermal energy storage or insulation materials, as in the case of 
lightweight rocks like volcanic ash or scoria [19]. Although these materials are considered to have inferior 
mechanical strength for the use as aggregates, they show a definite advantage when it comes to insulating properties 
because of their vacuolar structure (high non connected porosity), abundance of amorphous phases and angular 
particle shape [20, 21]. 
Finally it must be mentioned that petrographic analysis is a qualitative technique. It is difficult to find numerical 
parameters and factors related to this technique. For example, some rocks can have similar mineralogy but different 
internal structure (Fig. 2), having, therefore, different mechanical properties. Thus, staff specialized in petrology is 
needed to have a good understanding of the different parameters responsible of the properties and properties of the 
aggregates. Nevertheless, petrologist should improve the communication with technicians and producers in order to 
better connect the geology with the aggregates industry.   
 
 
Fig. 2 Scheme of granite and schist internal structure. 
4. Conclusions 
The mineralogical and textural composition of a mineral aggregate is not only characteristic for the petrographic 
classification of the rock type; these parameters will also be decisive for many engineering properties. While 
petrographic analysis is being used routinely for characterising concrete aggregates, a similar routine is rarer when it 
comes to road construction and several other areas of use. The paper describes a study of petrology versus properties 
for a few rock types used in road construction in Norway and Spain respectively. The below table is a summary of 
the results (Table 3). 
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Table 3 Overview of the petrographic characteristics of the different rock types and limitation on their use. 
 Minerals Texture Properties Precarious final use 
Schist 
High content of mica, 
plus quartz and 
plagioclase 
Foliated, lepidoblastic, 
medium grain-size 
Breaks easily into flakes, 
high LA-value 
Ͳ Concrete 
construction 
Ͳ Track ballast 
Para-gneiss 
Mostly quartz and 
plagioclase, some mica 
and chlorite 
Fine- to medium-grained, 
grano-lepidoblastic,  
Less prone to break into 
flakes than schist, medium to 
high LA-value 
Ͳ Concrete 
construction 
Ͳ Track ballast 
Amphibolite Predominant amphibole 
and plagioclase 
Fine-grained, nematoblastic 
(needles), appears massive 
Appears resistant to 
mechanical loads, low LA-
value 
 
Meta-gabbro Like amphibolite, but 
also chlorite and epidote 
Typical internal grain size 
distribution. Granular texture 
of medium to coarse grain-
size 
Coarse and granular texture 
results in a medium to high 
LA-value 
 
Meta-greywacke 
Quartz, plagioclase and 
a significant content of 
mica and chlorite 
Medium to fine-grained, 
grano-lepidoblastic to 
granular. Parallel orientation 
of mica and chlorite 
predominant 
Mechanical properties 
affected by parallel 
orientation of mica, which 
weakens intergranular 
contact and causes micro-
porosity. High LA-value 
Ͳ Track ballast 
 
It can be concluded that a further development of the methodology of petrographic analysis and of the 
understanding of these characteristics in relation to aggregate properties, has a potential to become a more useful 
tool for exploration, characterising, selection and control of mineral aggregates than is the case today. The authors 
believe that such a development can offer a more rapid, safe and low-cost supplement to many of the expensive and 
time-consuming investigations used today. 
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